The prevalence of adenovirus (AdV), rotaviruses (RV) and enteroviruses (EV) in Umgeni River waters of 
INTRODUCTION
Surface waters and rivers that serve as sources for both domestic and recreational uses carry varying amounts of wastewaters, which may sometimes reach a proportion of 50% and more during periods of low flow (WHO ).
This coupled with rapid urbanization in developing countries such as South Africa has raised critical issues of water supply and waste disposal. The increasing demands on available water in both developed and developing worlds and the concurrent expansion of industrial activity make the recycling of domestic wastewater inevitable (WHO ). The regulatory standards such as faecal coliform count to assess the microbiological quality of water often do not coincide with the presence of pathogens such as parasites and viruses (Poma et al. ) . Increasing attention is being directed to the contamination of waters by viruses on a global scale (Lin & Ganesh ) .
Over 150 enteric viruses, the most frequently reported enteric viruses in faecal-polluted water are adenoviruses (AdV), enteroviruses (EV), noroviruses (NoV), rotaviruses (RV), hepatitis viruses (HepV) and polyomaviruses (PyV) (Sidhu et al. ) . Enteric viruses are present in the faeces and vomit of infected individuals in high concentrations, and are transmitted primarily through the faecal-oral route, either directly through person to person contact or by consumption of contaminated food or water (Wong et al. ) . Protection of public welfare from severe gastro-intestinal infections by enteric viral pathogens depends on the ability to identify and to eliminate the sources of contamination (Poma et al. ) .
There is a strong focus on safe water supplies and water reclamation in South Africa. However, the studies that 
METHODOLOGY Sample collection and viral concentration
Focus in this study was on the Umgeni River (five points along the river as shown in Figure 1 ) due to it being the largest catchment (5,000 km 2 ) in the KwaZulu-Natal region of South Africa. The Umgeni River is approximately 230 km long, providing water to over 3.5 million people and supporting an area that is responsible for approximately 65% of the total economic production in the province (WRC  
Detection of human viruses from the Umgeni River water by PCR/RT-PCR assay
The primer sequences used to amplify and to detect human enteric viral genomes were selected using previously published data ( Nucleic acid alignment of the sequences was performed in ClustalX (Larkin et al. ) . A phylogenetic tree was constructed using the neighbour-joining method for each virus Table 2 . 
RESULTS

Quantification of viral nucleic acids using qPCR
To validate the qPCR assays prior to application of environmental samples, the detection limit and amplification efficiency of each reaction were determined. The nucleic acids were standardized to approximately 1 μg/mL where necessary. Standard curves with 10-fold serial dilutions of DNA and RNA controls were prepared and assayed in triplicate. PCR amplification efficiency (E) for each assay was calculated from the slope of the standard curves as 97%, 102% and 102% for adenovirus, enterovirus and rotavirus, respectively. Table 2 shows qPCR results for adenoviruses, enteroviruses and rotaviruses based on equivalent volumes processed per sample. Each value of qPCR was only considered as positive when the threshold cycle (C T ) of the sample was less than 35. The AdV and EV were detected (Table 2) . High AdV genome copies were observed during spring season.
Enterovirus copy numbers in this study ranged from:
1.58 × 10 9 (U3) to 3.72 × 10 11 GC/L (U5) during autumn, 1.10 × 10 7 (U3) to 2.82 × 10 9 GC/L (U4) during winter, 2.54 × 10 6 (U5) to 4.40 × 10 10 GC/L (U3) during spring and 6.13 × 10 8 (U2) to 1.48 × 10 10 GC/L (U1) during summer (Table 2) . High concentrations of EV were detected in all four seasons. Relatively high spatial distribution of EVs occurred throughout all samples and seasons tested (Table 2) .
Detection of human enteric viruses by ICC-PCR
The Umgeni River water samples were further analysed by Nested PCR might also detect non-viable infective agents
(Perez de Rozas et al. ).
The high EV population shown in the results of qPCR study (Table 2) Rotavirus genome copies were significantly lower in the water environment and ranged from 58.1 (U4 in spring) to 415 GC/L (U4 in winter). Only five water samples were categorized as positive samples containing rotaviruses (Table 2 ). The water samples from U4 contained rotaviruses more frequently than those from other sites and none of the water samples from U1 and U2 were positive for rotavirus.
The results of qPCR demonstrate the presence of rotaviruses in this river system. likely that RVs detected in U4 were from animal sources. Doan et al. (2013) confirmed that a bovine RV was transmitted to and caused diarrhoea in a human child in Jerusalem. Thus, the detection of rotavirus is still a concern for public health.
The disadvantage of the PCR-based assays is that they do not allow a conclusion on the infectivity of viral particles in the water samples analysed, since free viral particle nucleic acids would also be detected by the PCR-based assay. The use of ICC-PCR has been described for the detection of 
CONCLUSIONS
Adenoviruses, EVs and RVs were found in all water samples seasonally collected from five points along the Umgeni River. Nested ICC-PCR confirmed viral infectivity in 90% of water samples which contained infectious viral particles.
The molecular characterization of these viruses confirmed that the majority of viral isolates were of human origin.
Quantification of viral groups using qPCR revealed relatively high genome copies of EV. The results of this study confirmed the presence of infectious viruses in river water potentially used for domestic and recreational activities.
The populations of adenoviruses and enteroviruses in the study water samples could serve as indicators for faecal contamination. These results emphasize the need to assess the sources of environmental contamination in interconnected ecosystems to effectively enhance the safety of recreational water.
It also helps to demonstrate the need to include virological parameters when determining water quality to reduce the potential exposure of users to contaminated water.
